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Основные затруднения при 
транспортировке грузов международными 
контейнерными поездами возникают при 
пересечении государственной границы. 
Детальный анализ причин их задержек 
на железнодорожных пунктах пропуска 
выявил наиболее характерные «узкие» 
места. В целях совершенствования 
процедур документального 
и информационного сопровождения 
грузопотоков, а также консолидации бизнес‑
процессов с участием грузовладельцев, 
перевозчиков, экспедиторов, федеральных 
органов исполнительной власти 
в сфере контроля и надзора, компаний 
по предоставлению транспортных 
и логистических услуг предложено создание 
единого информационного пространства 
по технологии блокчейн (block chain). 
Определены финансовые результаты его 
использования, найдены дополнительные 
ресурсы программного продукта на основе 
инструментов бизнес‑логики, причастных 
к оценке качества товародвижения на 
транспортном маршруте.
Ключевые слова: контейнеропоток, 
международная доставка, транспортный 
маршрут, железнодорожный пункт пропуска, 
блокчейн.












































































































































































Рис. 1. Основные факторы, определяющие объём перевозок по транспортному маршруту.
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Рис. 2. Продолжительность пропуска контейнерного поезда на ЖДПП транспортных маршрутов 
в соответствии с принятой технологией. 
70 % потерь времени от всех задержек в пути [3]. Основные причины: 
сложности в организации межведомственного взаимодействия участников
внешнеэкономической деятельности (ВЭД) – грузовладельцев, перевозчиков, 
экспедиторов, федеральных органов исполнительной власти в сфере контроля и 
надзора, компаний и лиц по предоставлению транспортных и логистических 
услуг; техническая разобщённость транспортной инфраструктуры 
сопредельных государств; работа в рамках разных правовых полей 
международного транспортного законодательства (Конвенция о 
международных железнодорожных перевозках − ЦИМ КОТИФ и Соглашение о 
международном железнодорожном грузовом сообщении – СМГС) [4]. Отсюда 
непростая система документооборота на ЖДПП, необходимость перегруза 
контейнеров из подвижного состава одной ширины колеи в другую. 
Время пропуска на ЖДПП в значительной мере оказывает влияние на 
срок доставки контейнера и формирует конкурентные преимущества одного 
маршрута над другим. Согласно СМГС [5] нормативная продолжительность 
пропуска поезда через государственную границу составляет 48 часов. При этом 
в силу различий технологического процесса на межгосударственной 
передаточной железнодорожной станции во взаимодействии с контейнерным 
терминалом время пропуска контейнерного поезда на маршрутах доставки 
значительно отличается (рис. 2).
Рис. 2. Продолжительность пр уск контейнер ого поезда на ЖДПП 
транспортных маршрутов в соответствии с принятой технологией.
ЖДПП представляет собой сложную многофункциональную структуру. В
общем виде на примере ЖДПП Забайкальск функциональное «окружение» 





































Рис. 3 Структура ЖДПП Забайкальска 
и функции (f) её элементов: U –  ЖДПП; 
f
U1
 –  таможенный контроль, оформление 
таможенной декларации, расчёт и взимание 
таможенных платежей; f
U2
 –  пограничный 
контроль; f
U3
 –  карантинный фитосанитарный 
контроль (надзор); f
U4
 –  ветеринарный контроль; 
f
U5
 –  надзор в области семеноводства в отношении 
семян сельскохозяйственных растений; 
f
U6
 –  таможенно‑брокерское сопровождение; 
f
U7
 –  переработка крупнотоннажных 
контейнеров, формирование контейнерных 
поездов; f
U8
 –  эксплуатационная работа 
железнодорожной станции; f
U9
 –  эксплуатационная 
деятельность железнодорожной грузовой 
межгосударственной передаточной станции 
(владелец инфраструктуры –  Китайские железные 
дороги, пограничная станция Маньчжурия); 
f
U10
 –  экспедиционное сопровождение 
внешнеторговой перевозки; f
U11
 –  страховое 
обслуживание внешнеторговых перевозок 
(сюрвейерские компании).
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Рис. 4. Продолжительность нахождения потоков на ЖДПП с учётом ожиданий и перерывов 
по горизонтальным и вертикальным связям переработки.
собой. Вследствие отсутствия изоморфизма – согласованного как в 
пространстве, так и во времени движения материального, информационного, 
документального потоков – возникают межоперационные простои (на ЖДПП 
Забайкальск – до 55 % времени обработки) [7] (рис. 4).
Рис. 4. Продолжительность нахождения потоков на ЖДПП с учётом ожиданий 
и перерывов по горизонтальным и вертикальным связям переработки.
Наибольшее значение продолжительности технологических операций и 
ожидания смежных потоков наблюдается на ЖДПП Забайкальск. По сравнению 
с ЖДПП Алтынколь превышение времени обработки в 5,7 раза по 
документальному и информационному потокам. Технологический процесс в
Забайкальске предусматривает обработку перевозочных и 
товаросопроводительных документов (спецификация, инвойс, упаковочный 















Регистрация прибытия по 
бумажному документу =
фактическая передача бумажного 
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Регистрация прибытия по 
бумажному документу = 
фактическая передача бумажного 
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Рис. 5. Существующая модель обработки документального и информационного потоков контейнерного 
поезда на ЖДПП Забайкальск.
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Мероприятия по сокращению 
продолжительности обработки 
документального и информационного потоков 
на ЖДПП Забайкальск
Сокращение номенклатурного перечня 
товаросопроводительных документов
Формирование Единого информационного 







- упрощение процесса 
цифровизации документов;







- уменьшение времени нахождения груза 
на погран. переходе;
- увеличение объёма перевозок 
импортных/транзитных грузов;
- повышение надёжности доставки грузов;
- повышение уровня выполнения графика 
движения грузовых поездов.
Рис. 6. Мероприятия по сокращению продолжительности обработки документального 
и информационного потоков на ЖДПП Забайкальск.
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*API (программный интерфейс приложения, интерфейс прикладного 
программирования) — набор готовых классов, процедур, функций, структур и 
констант, предоставляемых приложением (библиотекой, сервисом) или 
операционной системой для использования во внешних программных продуктах
Продавец
Рис. 7. Порядок 
объединения бизнес‑
процессов участников 
ВЭД при организации 
товародвижения в рамках 
реализации цепи поставок 
на основе Smart‑контракта.
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до прибытия на ЖДПП 
Забайкальск.
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S = ϑ•T,  (6)
где ϑ –  среднесуточная норма пробега, км/
сут; T –  срок доставки, сут .




Финансовые результаты формирования ЕИП участников ВЭД по технологии block chain 
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Основные характеристики транспортных маршрутов в направлении 


















1 п . Шанхай (КНР)–п . Вос-
точный (РФ)–ст . Дуйсбург 
(Германия)




















11379 15 599,97 2112,07 38365
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Рис. 9. Характеристики работы 
транспортных маршрутов.
Рис. 9. Характеристики работы транспортных маршрутов.
Меньшая приведённая стоимость доставки по транспортному маршруту 
ещё не является гарантией его конкурентоспособности. Отказ технических 
средств, несоблюдение норм технологии работы, требований государственных 
органов контроля и надзора могут привести к возникновению заторов, 
увеличению срока доставки, приведённой стоимости и, как следствие,
существенному падению мощности. 
Один из главных факторов, негативно сказывающихся на 
конкурентоспособности маршрутов по территории РФ с участием 
Тра ссибирской магистрали (ТСМ) – нестабильность сроков доставки груза [3]. 
Так, например, изменение показателей маршрута по ТСМ через ЖДПП 
Забайкальск при неблагоприятном варианте (срок доставки на двое суток 
больше норматив ого) влечёт увеличение приведённой стоимости на 1 %. 
Незначительно, особенно если у грузовладельца невелик объём партии груза к 
отправлению. Однако мощность маршрута при эт м падает н  26 %, что 































1. 2. 3. 4. 5. 6.
Приведённая стоимость (С*), тыс. руб. Мощность маршрута (N)
Таблица 4
Сравнение значений основных характеристик маршрута через ЖДПП Забайкальск 
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Рис. 10. Сравнительные графики основных характеристик маршрута по ТСМ 
через ЖДПП Забайкальск при негарантированном сроке доставки.
Таблица 4
Сравнение значений основных характеристик маршрута 
через ЖДПП Забайкальск при различных значениях срока доставки













(больше нормативного на двое суток)
1952,76 16291
Формирование ЕИП участников ВЭД на основе программного комплекса 
по технологии block chain позволяет сократить срок доставки на всем 
протяжении транспортного маршрута. В направлении по ТСМ через ЖДПП 
Забайкальск – как минимум на двое суток. В этом случае происходит рост 
мощности маршрута на 28 %. Увеличивается эксплуатационная надёжность 
(рис. 10).
Рис. 10. Сравнительные графики основных характеристик маршрута 
по ТСМ через ЖДПП Забайкальск при негарантированном сроке доставки.
Полученные данные свидетельствуют об увеличении конкурентных 
преимущ ств транспортного маршрута по территории РФ через ЖДПП 
Забайкальск в большей степени за счёт роста качества обслуживан я. В этом 
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Background. In the past few years, China has 
been the world’s leading foreign trade actor. In 2017, 
its foreign trade turnover amounted to 4,11 trillion 
dollars, exports increased to 2,26 trillion dollars [1]. 
The main trading partner of China in the EU countries 
is Germany.
Transport communications of the Euro-Asian 
continent determine the routes of delivery of cargo 
from the production sites to the places of consumption. 
Regular freight rail traffic between China and Europe 
was launched in 2011. Since then, 57 routes have 
been opened. Few of them offer regular container 
service and high speed of delivery [2]. The most 
powerful container flow exists between the port of 
Shanghai (China) and the station Duisburg (Germany), 
and the following main options for handling of 
container trains are implemented:
1. Shanghai port (China)–Vostochny port 
(Russia)–Duisburg station (Germany).
2. Shanghai port (China)–railway checkpoint (RC) 
Grodekovo (Russia)–Duisburg station (Germany).
3. Shanghai port (China)–RC Zabaikalsk (Russia)–
Duisburg station (Germany).
4. Shanghai port (China)–RC Naushki (Russia)–
Duisburg station (Germany).
5 .  Shangha i  por t  (Ch ina)–RC Dos tyk 
(Kazakhstan)–Duisburg station (Germany).
6.  Shanghai  port  (China)–RC Al tynkol 
(Kazakhstan)–Duisburg station (Germany).
The volume of the flow of container traffic along 
alternative transport routes is distributed unevenly. This 
is due to various reasons, including the quality of 
transport and logistics services, the level of harmonization 
of adjacent railway systems, the volume and direction 
of the international traffic flow, etc. (Pic. 1).
Container flow, following a transport route, is 
affected by maintenance phases. The greatest impact 
is at checkpoints across the state border. Up to 70 % 
of the time loss from all delays in transit is fixed at RC 
[3]. The main reasons are: difficulties in organizing 
interagency cooperation between foreign economic 
activity participants –  cargo owners, carriers, freight 
forwarders, federal executive authorities in the sphere 
of control and supervision, companies and individuals 
providing transportation and logistics services; 
technical disconnection of the transport infrastructure 
of neighboring states; work in the framework of 
different legal fields of international transport 
legislation (the Convention concerning International 
Carriage by Rail –  CIM COTIF and the Agreement on 
POSSIBILITIES OF APPLICATION OF BLOCK CHAIN TECHNOLOGY 
FOR CARRIAGE OF GOODS IN INTERNATIONAL TRAFFIC
Banshchikova, Anna A., Irkutsk State University of Railway Engineering, Chita, Russia.
Kudryavtsev, Kirill V., branch of PJSC TransContainer, Chita, Russia.
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ABSTRACT
The main difficulties in transportation of goods with 
international container trains arise at state border 
crossing points. A detailed analysis of the reasons for 
their delays at the railway checkpoints revealed the 
most characteristic «narrow» places. In order to improve 
the procedures for documenting and informational 
support of cargo flows, as well as to consolidate 
business processes involving cargo owners, carriers, 
forwarders, federal authorities in the sphere of control 
and supervision, companies providing transportation 
and logistics services, it was proposed to create a single 
information environment with the technology of block 
chain. The authors identify possible financial results of 
its implementation, as well as reveal new software 
resources that can be developed on the basis of 
business logic tools involved in evaluation of the quality 
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Pic. 1. The main factors that determine the volume of traffic along the transport route.
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International Railway Goods Transportation –  SMGS) 
[4]. Hence, there is complex system of document 
circulation at RC, the need to reload containers from 
rolling stock of one track width to another.
The time of handling at RC significantly influences 
the delivery time of a container and forms competitive 
advantages of one route over another. According to 
the SMGS [5], the normative duration of passage of 
the train across the state border is 48 hours. At the 
same time, due to differences in the technological 
process at the interstate transfer railway station, in 
cooperation with a container terminal, time for one 
container train to pass through the delivery routes is 
significantly different (Pic. 2).
Objective. The objective of the authors is to 
consider possibilities of application of block chain 























Pic. 3. Structure of RC Zabaikalsk and 
functions (f) of its elements: U –  RC; 
f
U1
 –  customs control, registration of customs 
declaration, calculation and collection 
of customs payments; f
U2
 –  border control; 
f
U3
 –  quarantine phytosanitary control 
(supervision); f
U4
 –  veterinary control; 
f
U5
 –  supervision in the field of seed 
production in relation to seeds of agricultural 
plants; f
U6
 –  customs brokerage; 
f
U7
 –  processing of large‑capacity containers, 
formation of container trains; f
U8
 –  operational 
work of the railway station; f
U9
 –  operational 
activity of the railway cargo interstate 
transfer station (owner of the infrastructure –  
Chinese railways, Manchuria border station); 
f
U10
 –  forwarding support for foreign trade; 
f
U11
 –  insurance services for foreign trade 
(survey companies).
Pic. 2. Time spent by a container train to pass through RC at different transport routes in accordance with the 
adopted technology.
one container train to pass through the delivery routes is significantly different 
(Pic. 2).
Pic. 2. The duration for one container train o pa s through RC
transport routes in accordance with the adopted technology.
Objective. The objective of the authors is to consider possibilities of 
application of block chain technology for carriage of goods in international traffic.
Methods. The authors use general scientific and engineering methods, 
comparative analysis, scientific description, graph construction, evaluation approach.
Results. RC is a complex multifunctional structure. In general, using RC 
Zabaikalsk as an example, the functional «environment» of RC for handling
container trains is a static relationship of the organizational structure (Ui) – mutual 
relation of the system elements and the dynamic relationships of the functional 























Pic. 3 Structure of RC Zabaikalsk and functions (f) of its elements: U – RC; fU1 – customs control,
registration of customs declaration, calculation and collection of customs payments; fU2 – border
control; fU3 – quarantine phytosanitary control (supervision); fU4 – veterinary control; fU5 –
supervision in the field of seed production in relation to seeds of agricultural plants; fU6 – customs
Time, min
RC Grodekovo RC Zabaikalsk RC Naushki RC Dostyk RC Altynkol
Table 1
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Methods. The authors use general scientific and 
economic methods, comparative analysis, scientific 
description, graph construction, evaluation approach.
Results. RC is a complex multifunctional 
structure. In general, using RC Zabaikalsk as an 
example, the functional «environment» of RC for 
handling container trains is a static relationship of the 
organizational structure (Ui) –  mutual relation of the 
system elements and the dynamic relationships of the 
functional structure (fi), which determine the order of 
their interaction (Pic. 3).
The complexity of organization of interdepartmental 
interaction lies in the distinction between the goals and 
the nature of operation, the forms of ownership and 
the organizational and legal forms of the elements of 
RC Zabaikalsk (Table 1).
Despite the large number of elements and their 
functional diversity, it is possible to distinguish two 
main groups of participants in foreign trade activities 
at RC Zabaikalsk: state executive bodies in the sphere 
of customs, border, veterinary, phytosanitary 
supervision and business providing transport and 
related logistics services. The first –  provides control 
over the security of citizens and the economic stability 
of the state, the second –  performs fulfillment of tasks 
to promote a flow of goods in supply chains. With 
detailed consideration, both groups are ultimately 
focused on increasing the level of welfare of the state 
and its citizens and that is  the overall global goal of 
their functioning. Understanding it by all the 
participants in foreign trade is the basis for building 
effective interagency cooperation.
For detailed calculation of time for handling of a 
container train at RC for the transport routes in 
question, the methods of system analysis and network 
planning are used. A critical path has been 
identified which corresponds to longest time required 
to handle a container train. The material, documentary, 
information flows are allocated and their duration is 
calculated taking into account expectations and 
breaks, «bottlenecks».
The material flow (a
i
) from the moment of 
reception to the moment of release from RC comprise 
trains, cars, containers processed through necessary 
technological operations. The material flow is in 
motion, physically moving in space: reception and 
control by customs and other state bodies, disbanding, 
placing on a reloading site, reloading containers from 
narrow gauge cars to broad gauge cars, forming train 
composition, departure.
The documentary flow (u
i
) is official data on the 
material flow and its movement, namely, shipping 
documents. Multilevel control operations are carried out, 
additional copies of each of the structures containing 
generalized and more detailed information in the Russian 
language are compiled, and a package of transportation 
documents is created for transit through Russian territory.
The information flow (g
i
) –  information about the 
material and documentary flow. The operations here 
are: collection, input of data into databases, storage, 
processing of information about material and 
documentary flows from all participants in foreign 
trade activities.
There are relationship and interdependence 
between the flows, which are reflected by horizontal 
and vertical connections. The flows are represented 
in the form of vector-scalar quantities and constitute 
a logistic chain [6]:
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where ai→ –  element of the material flow chain (ai – 
operation with the material flow, → –  flow displacement 
vector, compared with time and displacement 
distance, j = 1, …, i);
ui→ –  chain element for compilation and transfer 
of documents about the material flow and its 
displacement (ui –  operation with the documentary 
flow; → –  document transfer address; j = 1, …, i);
gi→ –  element of the information chain about 
material and documentary flows (gi –  information 
transfer operation; → –  information transfer address; 
j = 1, …, i);




– time of execution of technological 
operations in the logistics chain, respectively, 
according to the material, documentary, information 
flows (horizontal links), min.;
,u ,i i i
wait
a gt↓  –  wait ing t ime for operations on 
concomitant flows (vertical links), min.
The total duration of stay of flows at RC, taking 
into account waiting and breaks for the vertical links 
Pic. 4. Duration of stay of flows at RC, taking into account waiting and breaks for horizontal and vertical 
processing links.
information, documentary flows – there are inter-operative downtime (up to 55 % of 
the processing time on RC Zabaikalsk) [7] (Pic.4).
Pic. 4. Duration of stay of flows on RC, taking into account waiting
and breaks for horizontal and vertical processing links.
The greatest value of duration of technological operations and wai ng for
adjacent f ows is observed at RC Zabaikalsk. In compari on with RC Altynkol, the
processing ti e exceeded by 5,7 times according for the documentary and 
information flows. The technological process in Zabaikalsk provides processing of 
shipping documents (specification, invoice, packing list) after arrival of a container 
train to the territory of the Russian Federation (Pic. 5).
Pic. 5. The existing model for processing the documentary and information flows 
of the container train at RC Zabaikalsk.
In this case, the unproductive losses when one container train is handled are 16 
hours. If the container flow follows a transport route with a time del y, a violatio  f 
Time, min
duration of technological operations, min duration of waiting for adjacent flows, min
RC Grodekovo RC Zabaikalsk RC Naushki RC Dostyk RC Altynkol










Train arrival  CR agent RZD agent 
Customs 
Agent Customs Terminal 
Paper document = 
railway bill of lading, 
SMGS / CIM SMGS 
invoice, speciﬁca�on, 
packing list 4 h 
Processing of 
shipping 
documents 2 h Registra�on of arrival on a 
paper document = actual 
transfer of paper carrier to a 




submission 3 h 
Execu�on of 
electronic transit 




AS ETRAN 1 h 
WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 16, Iss. 3, pp. 134–154 (2018)
Banshchikova, Anna A., Kudryavtsev, Kirill V., Kovalyov, Anton Yu. Possibilities of Application of Block 
Chain Technology for Carriage of Goods in International Traffic
149
• 




; 0; 0 .
i i u g i u gi i i i
i i a g i a gi i i i
i i a u i a ui i i i
tech wait tech wait
a a a
tech wait tech wait
u u u
tech wait tech wait
g g g
t t t t t
t t t t t










   (2)
Due to the large number of services involved in 
handling of international container traffic, technological 
processes do not fit well together. Due to the absence 
of isomorphism –  coordinated both in space and time 
movement of material, information, documentary 
flows –  there is inter-operative downtime (up to 55 % of 
the processing time on RC Zabaikalsk) [7] (Pic. 4).
The greatest value of duration of technological 
operations and waiting for adjacent flows is observed 
at RC Zabaikalsk. In comparison with RC Altynkol, the 
processing time there is by 5,7 times longer for the 
documentary and information flows. The technological 
process in Zabaikalsk provides processing of shipping 
documents (specification, invoice, packing list) after 
arrival of a container train to the territory of the Russian 
Federation (Pic. 5).
In this case, the unproductive losses when one 
container train is handled are 16 hours. If the container 
flow follows a transport route with a time delay, a 
violation of norms, rules, service requirements, then 
the flow is subject to transformation, significant 
changes in parameters, departure of the container 
flow from the route.
The transfer in 2017 of a significant part of the 
container flow from the transit route through the 
territory of the Russian Federation through RC 
Zabaikalsk to the route through Kazakhstan through 
RC Altynkol caused the loss of income of Russian 
companies (over 1 billion rubles). Over the past seven 
years,  the volume of  container ized cargo 
transportation through Kazakhstan from China to EU 
countries has increased by 200 times and continues 
to grow. So, in 2018, it is expected to see the tansit 
grown up to 400 thousand containers, and by 2020 – 
to 2 million containers [8].
The high speed of handling of a speed container 
train at RC Altynkol is ensured by processing of 
documentary and information flows before train arrival. 
The shipper of the international container flow following 
the route is the port of Lianyungang. When sending 
containers, its employees send scanned copies of 
shipping documents to their representatives at Altynkol 
station by e-mail. Based on these data, transit customs 
declarations and other documents are prepared in 
advance (transfer list, bill of consignment for the 
carrier, preliminary information for the customs 
authorities). To prepare the containers for transfer, 
employees of Altynkol station are sent to the territory 
of China. This is done, although there is a risk in 
obtaining inaccurate, incomplete information when 
manually entering information and there are additional 
operating costs for maintenance of personnel in the 
amount of about 25 million rubles a year.
To improve the competitiveness of RC Zabaikalsk 
route, it was proposed to implement measures to 
reduce the processing time of documentary and 
information flows: to reduce nomenclature list of 
shipping documents (one instead of three), to develop 
a single information environment for foreign trade 
participants (Pic. 6).
Pic. 5. The existing model for processing the documentary and information flows of the container 
train at RC Zabaikalsk.
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train to the territory of the Russian Federation (Pic. 5).
Pic. 5. The existing model for processing the documentary and information flows 
of the container train at RC Zabaikalsk.
In this case, the unproductive losses when one container train is handled are 16 
hours. If the container flow follows a transport route with a time delay, a violation of 
Time, min
duration of technological operations, min duration of waiting for adjacent flows, min
RC Grodekovo RC Zabaikalsk RC Naushki RC Dostyk RC Altynkol










Train arrival  CR agent RZD agent 
Customs 
Agent Customs Terminal 
Paper document = 
railway bill of lading, 
SMGS / CIM SMGS 
invoice, speciﬁca�on, 
packing list 4 h 
Processing of 
shipping 
documents 2 h Registra�on of arrival on a 
paper document = actual 
transfer of paper carrier to a 




submission 3 h 
Execu�on of 
electronic transit 




AS ETRAN 1 h 
Measures to reduce duration of processing of 
documentary and information flows at RC 
Zabaikalsk
Reduction of a nomenclature list of 
shipping documents
Formation of Single Information Environment (SIE)   
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 reduction of time of cargo stay at the border 
crossing;
 increase in volume of import/transit cargo 
transportation;
 increase in reliability of goods delivery;
 increase in level of fulfillment of cargo trains 
schedule
Pic. 6. Measures to reduce the processing time of documentary and information flows at RC Zabaikalsk.
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Optimization of the set of shipping documents if 
we follow the experience of working in the CIM space 
consists in replacing individual documents (invoice, 
specification, packing list) with a single invoice-
specification. The consolidated document should 
contain: a) address of the seller and the buyer, date 
and number of the goods order, information about 
packaging and the price of goods, cost and size of 
the batch, basic conditions for delivery of goods and 
procedure for settlements; b) the nomenclature of 
goods, list of goods indicating the number of 
positions, brand, article; c) list of cargo items with the 
number and weight of each place.
The introduction of an invoice-specification as a 
single shipping document will simplify the formalization 
process, increase the speed of data processing, will 
allow to reduce the time of handling a container train 
at RC Zabaikalsk by two hours.
The development of a single information 
environment for foreign trade participants is aimed 
at combining their business processes and 
individual elements in organization of commodity 
circulation within the entire supply chain by 
eliminating duplication of data and rapid exchange 
of information, increasing flexibility of the system 
when changing parameters of internal and external 
environment.In modern conditions, two variants of 
organization of the SIE might be foreseen when 
delivering cargo in international traffic. One of them 
is creation of International Certifying Center, which 
confirms the legit imacy of  the transmitted 
information from the shipper to all participants in 
foreign trade activities.
Now the electronic data exchange of JSC Russian 
Railways for carriage of goods in international traffic 
is carried out with the railway administrations through 
the UN/EDIFACT standard recommended by the 
United Nations. The experience of such countries as 
Russia, Belarus, Kazakhstan, Latvia, Lithuania, 
Estonia, Ukraine and others is organization of 
transportation using an electronic signature, whose 
legal significance under the «trusted third party» 
scheme is made by the Single Certifying Center (OJSC 
NIIAS). Between JSC Russian Railways and the CR 
only an agreement on electronic data exchange has 
been concluded.
Incompleteness of number of participating railroads 
and of information subject to transfer do not give 
grounds to assert that there is an effective mechanism 
for ensuring interoperability –  unhindered crossing of 
borders while following international container flow. The 
establishment of SIE on the basis of International 
Certifying Center will require a complex interstate 
agreement procedure. The approximate duration of the 
project is estimated to be at least five years.
Another option for development of SIE for foreign 
trade participants in international transportation is 
creation of a software package based on the 
technology of distributed registries –  block chain.
The technology of the identification block chain 
allows to create a database on transportation of 
containers in encrypted form using cryptography 
means based on the principle of distributed access. 
Each dispatch is documented by creation of a «digital 
passport» –  a unique label accompanying movement 
of a container within all related transactions. All entries 
have timestamps. The authenticity of operations is 
confirmed by unchanged historical data, which allows 
them to be identified.
Steps (stages) of carrying out operations with the 
container are carried out in a strictly prescribed 
sequence, only after the previous ones are completed. 
Each previous transaction is made, thus releasing the 
subsequent one. If one of them fails to be performed 
properly, the next one cannot be completed. The 
mechanism of software execution of transactions in 
block chain registers is proposed to be implemented 
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*API (software interface, application interface, interface of applied programming) 
— set of classes, functions, structures and constants, provided for by the application 





Pic. 7. The order of integrating of business processes of the participants in foreign economic activity to organize 
commodity circulation within the framework of supply chain implementation based on Smart contract.
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With the help of software product using block chain 
technology, a special application is developed that allows 
the client using the mobile device to enter data into the 
system. When following the territory of each country 
during the entire route, information customers (recipients) 
are participants in foreign economic activity. They receive 
a cryptographic key and use the information within their 
competence for preparation of shipping documents. The 
system is endowed with an algorithm for recognizing the 
user through connected personal objects.
The basis for introduction of block chain technology 
is the absence of a single structure that moderates 
(supervises) all operations. It is applicable for confirming 
facts (actions) in a situation where «everyone does not 
trust everyone» [10].
Logistics is considered as one of the priority 
applications of block chain [11]. MTI company [12] was 
the first company in the world to launch a public block 
chain system for container transportation. At the 
moment, JSC Russian Railways is involved in assessment 
of implementation of the technology of the block chain 
distributed registry in accordance with the 
comprehensive scientific and technical project «Digital 
Railway» [13].
One of the main advantages of forming SIE based 
on the software product using the block chain 
technology is possibility of constructing the operation 
of the route in accordance with the paradigm of open 
rail transport [14]. In particular, at RC advance transfer, 
processing of legally relevant information in the volume 
of the waybill and shipping documents with a minimum 
risk of inaccurate information are provided. Processing 
of shipping documents is provided before train arrival. 
At RC Zabaikalsk, the time savings will be 16 hours, the 
total time of the container train handling in this case is 
eight hours (Pic. 8).
The main costs for implementation of the project 
for development of SIE for the foreign trade 
participants via block chain technology on the 
transport route Shanghai port (China) – RC Zabaikalsk 
(Russia) – Duisburg (Germany) include development, 
implementation and maintenance of the global 
software product of SIE of the route, as well as local 
software products at each RC. The latter represent a 
unique structural and logical scheme for distribution 
of material, documentary, information flows on 
processing of container traffic in accordance with the 
requirements of the technological process of 
operation of specific transport facilities.
The economic effect of the project is mainly 
realized thanks to additional income due to switching 
of container traffic from alternative routes (including 
sea routes), from brokerage activities, savings from 
reducing idle time of container trains at RC of the 
transport route.
At a total cost of approximately 250 million rubles, 
the payback period will be less than two years 
(Table 2). Additional capabilities of the software 
product with block chain technology can be realized 
due to the built-in business logic tools.
Based on the automatic analysis of the historical 
information of the «transport passport» in digital form, 
Pic. 8. Procedure for processing shipping documents for the container train before arrival at RC Zabaikalsk.
distributed registry in accordance with the comprehensive scientific and technical 
project «Digital Railway» [13].
One of the main advantages of forming SIS based on the software product 
using the block chain technology is possibility of constructing the work of the route 
in accordance with the paradigm of open rail transport [14]. In particular, at RC 
advance transfer, processing of legally relevant information in the volume of the 
waybill and shipping documents with a minimum risk of inaccurate information are 
provided. Processing of shipping documents is provided before train arrival. At RC
Zabaikalsk, the time savings will be 16 hours, the total time of the container train 
handling in this case is eight hours (Pic. 8).
Pic. 8. Procedure for processing shipping documents 
for the container train before arrival at RC Zabaikalsk.
At a total cost of approximately 250 million rubles for implementation of the 
project for formation of SIS of the participants in foreign economic activity on block 
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it is possible to evaluate the quality of the transport 
route. Such information will be useful for the 
participants in foreign trade activities to monitor the 
state of competitive advantages and make a decision 
on the need to optimize their activities, as well as for 
potential customers (cargo owners) –  when choosing 
a particular destination.
Evaluation of the quality of the transport route for 
the cargo owner is expressed most often through the 
cost of transportation (C), the delivery time (T), the 
present value (C*). The increase in the delivery time 
leads to the freezing of the cargo owner’s money, 
invested both in payment of the cargo itself and in 
payment for transportation costs. Therefore, the 
minimum delivery time, in comparison with alternative 
routes, provides a smaller present value С* –  an 
estimate of the cost of the cargo and its delivery, 
taking into account the time factor [15]:
С* = (С
g
 + C)(1 + ∆)n, (3)
where С
g
 –  purchase value of the goods; С –  cost of 
transportation; (1+∆)n –  multiplier of interest increase 
at the interest rate ∆ for n periods, 
365
T
n = , where 
Т –  delivery time, days.
Reliability of technical elements, technological 
basis, interaction and operation of related services 
and agencies in organization of international container 
flow movement affect the operational reliability of the 
transport route which is  probability of processing the 
container flow in the amount not less than a given 
value. The indicator, which allows to comprehensively 
assess the state of technical, technological, 
organizational parameters of the transport route 
operation, has not existed before and does not exist 
now.
In the general formulation, the technology of the 
route operation provides for uniform maintenance of 
the material flow. It is assumed that m –  mass of the 
material flow, which, depending on the purposes of 
calculation, can be measured in tons of cargo, 
containers, cars, trains. It is assumed to be a quantity 
constant in time and independent of the features of 
motion. The material flow in the process of delivery is 
affected by the forces F
tr
, which hinders its movement 
(different technical equipment of the transport 
infrastructure of neighboring states, complexity of the 
technological basis of interaction of foreign economic 
activity participants). For cargo movement along the 
transport route it is required that F > F
tr
.
The model of the operation of the transport route 
represents the results of a theoretical construction 
based on the law of classical natural science –  the 
differential law of motion, describing the relationship 
between the force applied to a material point and the 
resulting acceleration:
F = m•a, (4)
where F –  force that realizes the movement of cargo 
from production sites to the place of consumption;
m –  mass of the material flow;
a –  acceleration –  a characteristic of the 
operational reliability of the transport route. It shows 
how the speed of servicing the material flow along the 
route changes per unit of time. When the mass of the 
flow increases, the operational reliability decreases.
To handle the material flow, the transport route 
performs work (A):
A = F•S, (5)
where S –  length of the transport route, km.
The work of the route is a quantity characterizing 
the movement of the mass of the material flow with a 
certain delivery time. The technology provides for 
uniform flow maintenance, therefore:
S = ϑ•T, (6)
where ϑ –  average daily mileage, km/day; T –  delivery 
time, days.
Then A = F•ϑ•T.  (7)
To assess the quality of work of the route for 
movement of material flow, the value –  the capacity 
of the transport route –  was introduced. For simulation 
Table 3
The main characteristics of transport routes in the direction of Shanghai port (China)–
Duisburg station (Germany)
















1 p . Shanhai (China)–p . Vostochny 
(Russia)–station Duisburg 
(Germany)




















11379 15 599,97 2112,07 38365
For comparison, cost indicators are reduced to a single cost basis . The average bank rate for short-term foreign 
currency loans is ∆ = 15 %, the purchase price of the goods in a 40-foot container is 1500 thousand rubles . 
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conditions on the basis of the similarity theory and, 
specifically, the acquisition of dimensioning, such 
capacity is a complex, dimensionless indicator of the 
quality of the operation of the transport route.
2
2 3
A F T m S S m S
N F
T T T T T
ϑ ϑ= = = = =     .  (8)
The d imens ion less  combinat ion  of  the 
capaci ty  parameter  of  the t ransport  route 
actually determines the nature of movement of 
the material  f low with account for declared 
delivery time, the technical equipment and the 
adopted technology of operation in the same 
direction. If two different transport routes are 
studied, with different dimensional parameters, 
but  such  that  the  v a lue  of  d imens ion less 
parameters is the same, then the nature of 
mot ion of  the mater ia l  f low a long them is 
qualitatively the same (similar). The dimensioning 
in this case is applicable for establishing the laws 
of similarity and the possibility of using models 
from different fields of knowledge.
A comparative evaluation of operation of transport 
routes is made at the example of delivery of a 40-foot 
large-capacity container, which is included in a 
container train (Table 3).
According to the criterion of delivery time, priority 
routes are through RC Altynkol, RC Dostyk in transit 
through the territory of Kazakhstan. The value of the 
lowest present value is noted for transportation with 
participation of Mongolian transport system (Pic. 9).
The smaller reduced cost of delivery along the 
transport route is not yet a guarantee of its 
competitiveness. Failure of technical means, non-
compliance with the standards of technology work, the 
requirements of government control and supervision 
may cause congestion, increase in the delivery time, the 
present value and, as a consequence, a significant drop 
in capacity.
One of the main factors that adversely affect the 
competitiveness of routes along the territory of the 
Russian Federation with the participation of the Trans-
Siberian Railway (TSM) is instability of the delivery time 
[3]. Thus, for example, the change in the TSM route 
through RC Zabaikalsk in case of an unfavorable variant 
(delivery time is two days longer than the normative one) 
entails an increase in the present value by 1 %. It is 
insignificant, especially if the cargo owner has a small 
amount of consignment for shipment. However, the 
power of the route decreases by 26 %, that negatively 
affects its operational reliability (Table 4).
Formation of SIE of participants in foreign trade 
activities on the basis of a software package using the 
block chain technology allows reducing the delivery time 
all along the transport  route, e.g. to reduce delivery time 
through RC Zabaikalsk via  TSM by two days. In this case, 
the capacity of the route increases by 28 %. Operational 
reliability increases (Pic. 10).
The obtained data testify to increase of 
competitive advantages of a transport route via 
the territory of the Russian Federation through 
RC Zabaikalsk mostly due to growth of quality of 
Pic. 9. Characteristics of 
operation of transport routes.
lowest present value is noted for transportation with participation of Mongolian 
transport system (Pic. 9).
Pic. 9. Characteristics of operation of transport routes.
The smaller reduced cost of delivery along the transport route is not yet a 
guarantee of its competitiveness. Failure of technical means, non-compliance with the 
standards of technology work, the requirements of government control and 
supervision may lead to congestion, increase in the delivery time, the present value 
and, as a consequence, a significant drop in power.
One of the main factors that adversely affect the competitiveness of routes 
along the territory of the Russian Federation with the participation of the Trans-
Siberian Railway (TSM) is instability of the delivery time [3]. Thus, for example, the 
change in the TSM route thr ug  RC Zabaikalsk in case of an unfavorable variant 
(delivery time for two days is higher than the normative one) entails an increase in 
the present value by 1 %. It is insignificant, especially if the cargo owner has a small 
amount of consignment for shipment. However, the power of the route decreases by 
26 %, which negatively affects its operational reliability (Table 4).
Present cost (C*), thous. rub. Route capacity (N)
Route number
Table 4
Comparison of the values of the main characteristics of the route through RC Zabaikalsk 
for different delivery times













Comparison of the values of the main characteristics 
of the route through RC Zabaikalsk fo  different delivery times









(more than normative for two days)
1952,76 16291
For ation of SIS of participants in foreign trade activities on the basis of a 
software package using the block chain technology allows reducing the delivery time 
all along the transport route. I  the direction of the SCM through RC Zabaikalsk – at 
least for two days. In this case, the power of the route increases by 28 %. Operational 
reliability increases (Pic. 10).
Pic. 10. Comparative graphs of the main characteristics of the route 
via TSM through RC Zabaikalsk with a non-guaranteed delivery time.
The obtained data testify to increase of competitive advantages of a transport 
route on territory of the Russian Federation through RC Zabaikalsk to a higher degree 
due to growth of quality of service. In this case, the cargo owners benefit from the 










Present cost, thous. 











Change in route capacity 
Route capacity 
Delivery time, day
Pic. 10. Comparative 
graphs of the main 
characteristics of the 
route via TSM through 
RC Zabaikalsk with 
a non‑guaranteed 
delivery time.
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service. In this case, the cargo owners benefit 
from the possibility of unimpeded servicing of the 
container flow, organizing their own uniform work 
taking into account the rhythm of delivery, savings 
in insurance reserves of working capital for goods 
in the warehouse and on the route.
Conclusions. In general, the implementation of the 
project on formation of SIE for participants in foreign 
economic activity on the basis of block chain technology 
allows to reduce the specific resistance to cargo 
movement, improve the use of labor, financial and 
information resources, increase the efficiency of 
attracting investments, overcome administrative 
barriers and accelerate work in a profitable format, 
create favorable conditions in the market of transport 
services.
Given the notable advantages of block chain 
technology, it should be understood, however, that at 
the legislative level there are no unified requirements 
for participants in the global public data network, there 
is no real responsibility for downloading deliberately false 
information, there is insufficient understanding of the 
economic effect of implementation for existing business 
processes, there are risks in the field of security and 
conflict in terms of competition, and in case of 
controversial situations there is a problem of definition 
of liability of participants. At initial stages, partial 
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